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Introduction
The keto-enol interconversions of 2-phenylacetylfuran, 1 2PAF, and 2-phenylacetylthiophene, 2 2PAT, have been studied kinetically in aqueous solutions by combining their rates of enolisation (k KH ) with the reverse rates of ketonization of the enol, k EH , or the enolate, k E . For the latter 3 In this paper we report our investigation of the keto-enol interconversion (Scheme 1) of 2-phenacylfuran (2PF) at 25°C in aqueous solution at different pHs in order to compare the results with those obtained previously 1 for its structural isomer 2-phenylacetylfuran (2PAF) and some other structurally related ketones.
Scheme 1
In addition we have studied the effect produced by surfactants on the rates of ketonization of the enol and/or enolate of 2PF at 0.5 mol dm -3 ionic strength (NaCl), as well as the effect on the apparent acid dissociation constants of the two tautomeric forms of 2PF. Finally, we have compared the results with those obtained previously 2 for 2PAT.
Results and Discussion

Ketonization reactions in buffer solutions
Reaction rates were measured in glycolate-, acetate-, phosphate-, and borate buffers in the absence of surfactant, and in cyanoacetate-, glycolate-, acetate-, cacodylate-, and propionate buffers in the presence of CTAB. The meaning of pH, and the role of buffers in aqueous surfactants are not fully understood. However, little change in pH, even with a relatively low buffer concentration (acetate), was observed 5 in aqueous CTAB if the ionic strength was maintained high with NaCl as in the present work. In addition it is known 6 that changes in the ionic equilibria of buffers, owing to the presence of cationic surfactants, can be minimized by using hydrophilic buffers such as those used in this work.
The observed pseudo-first-order rate-constant, k e , was of the form shown in Eq. (1) , in which B represents the basic component of the buffer acid BH. The experimental rate of ketonization is apparently independent of the concentration of OH -and this is understandable in view of the fact that there is a change in reactant from the enol at lower pH to enolate anion at high pH according to the following scheme (and the pH profiles of Figure  1 ). Figure 2 . 
Enolisation reactions in acetate buffers
Rates of iodination were measured with 2PF concentration about 2.5 x 10 -4 mol dm -3 in acetate buffer (r=1). All reactions were strictly zero-order with respect to the halogen concentration, with the rate-determining step being the formation of the enol.
The following pseudo-first-order rate constants, k e , were obtained at different AcO , reactions, measured under the same conditions. Our measurements in acetate buffer (r = 1) gave K T 1.24 x 10 -4 (pK T 3.91). The enolisation and ketonization rate constants were not corrected for the 0.5 mol dm -3 ionic strength and, even if ionic strength effects should not substantially affect K T values, the above-determined tautomeric constant should not correspond to the proper thermodynamic value.
pH-Profile
The profile for the ketonization reaction in aqueous solutions is reported in Figure 1 (curve a) as a plot of values of log k o EH from Table 1 and of log k e (= log k H 2 O E for reaction in aqueous NaOH solutions) against pH. A similar profile obtained in the presence of 0.01 mol dm -3 CTAB
for the corresponding values of log k o EH from Table 2 and log k e is reported in Figure 1 (curve b). For the significance of pH in aqueous solutions of CTAB see ref. 5 . Each profile shows two regions in which the reaction is pH-independent and a region for OH -catalysis. The pHindependent region at lower pH can be attributed to the uncatalyzed (water) reaction in which the enol initially ionizes to the enolate anion and H 3 O + which then recombine to form the ketone and H 2 O. 10 On the other hand, in the pH-independent region at higher pH, the reactant is the enolate anion which is protonated by H 2 O to form the ketone. The region for OH -catalysis represents the change in reactant from the enol at lower pH to the enolate anion at high pH. The points of inflections of the curves a and b of Figure 1 correspond to the pK a EH values of the enol in the absence and in the presence of CTAB respectively. These pK a EH values may be obtained from a best fit of experimental rate constants to Eq. (2) 
Scheme 3
As expected, the acidity of both the enol and keto forms, as well as the enol-content of 2PF, are considerably higher than those of simple ketones such as, for example, acetone (pK a KH = 19.16, pK a EH = 10.94, pK T = 8.22) 11 or acetophenone (pK a KH = 18.24, pK a EH = 10.34, pK T = 7.90) 12 and are of an order expected from other aryl benzyl ketones 1 .
Equilibrium constants for the ionization and tautomerization of 2PF and some previously studied aryl benzyl ketones are summarized in Table 3 as their pK values.
The higher acidity (pK a KH ) of 2PF than that of deoxybenzoin can be attributed to the electron-withdrawing effect of the furyl group (σ = 1.10) 16 compared with the phenyl group (σ = 0.06) 17 which renders the benzyl hydrogens of 2PF more easily removable by a base. For the same reason the enol of 2PF is more acidic (lower pK a EH ) than the enol of deoxybenzoin, but the acidity difference between the two enol forms is smaller than that between the two keto forms. Consequently, the enol content at equilibrium (pK T ) is lower for deoxybenzoin, as can be expected from the destabilization of the keto form of 2PF by the electron-withdrawing effect of the furyl group. On the other hand, the enol form of 2PF can be stabilized by delocalization of the furyl oxygen lone electron pair into the phenyl ring. Some stabilization of the enol by hydrogenbonding to the furyl oxygen (see Scheme 4) is also possible, but almost certainly is less relevant than in the case of the enol of 2-phenacylpyridine 11 (pK T 2.00). A destabilization of the keto form, owing to a β-oxygen substituent effect, has recently been discussed 18 in detail for the isochroman-2-one with reference to α-tetralone. Noteworthy are the parallelism observed for the substitution of an oxygen atom for the β-CH 2 of α-tetralone and the substitution of a furfuryl for a benzyl group in deoxybenzoin. In both cases there is a reduction in the pK T value, and an increase in the enol and the ketone acidities [(∆pK T , ∆pK a EH , ∆pK a KH ) (α-tetralone isochroman-2-one) = 2.1, 0.7, 2.7 and (∆pK T , ∆pK a EH , ∆pK a KH ) (deoxybenzoin 2PF) = 1.1, 0.4, 1.6]. Obviously, the interpretation of the above ∆pK values should be qualitatively the same for isochroman-2-one and 2PF although the values observed for 2PF are smaller, owing to the fact that the oxygen atom is in a γ rather than in a β-position with respect to the enolizable carbonyl group.
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Scheme 4
Interestingly, the enol contents of 2PAF and 2PAT are considerably lower than that of 2PF: this can probably be attributed to external conjugation with the lone pair of electrons on the oxygen-and sulfur atoms which stabilizes the carbonyl groups of the keto forms of 2PAF and 2PAT, as previously suggested.
1,2 Of course, an analogous stabilization of the keto form of 2PF
is not possible. Let us then discuss the major effects produced by the investigated surfactants on the ketoenol interconversion of 2PF. From the practical point of view, the most interesting effect is the reduction in pK a KH observed on passing from the aqueous-to a 10 -2 mol dm -3 solution of CTAB (∆pK a KH = 2.3).
We have recently shown 3 that one can take advantage of similar ∆pK a KH values, together with the hydrophobic association of the enolate anions with micelles from suitable surfactants, in performing C-C and C-O bond-formation reactions of synthetic interest in aqueous solution near room temperature. This increase in the apparent acidity of the ketone should be ascribed to the stabilization of the enolate of 2PF by the CTAB micelles, as is shown by the large difference between the binding constants, K S , of the carbon acid and its conjugate base (see Experimental Section). This stabilization is also apparent from the bathochromic shift in the UV-vis spectrum of the enolate of 2PF upon transfer from water to CTAB micelles (see below). Besides the above-mentioned hydrophobic effect, two other factors might be responsible for the increased acidity of the ketone and the strong association of the enolate of 2PF with the cationic micelles. The first effect is the electrostatic attraction between the ammonium head groups of CTAB micelles and the OH -ions (some OH -ions might eventually substitute for Br -as the counterions in the Stern layer of the micelle of CTAB). The second effect is a similar electrostatic attraction between the enolate anion and the ammonium head groups. Figure 2 . A similar trend with CTAB concentration was observed previously 2 and discussed in detail for the rate of ketonization of the enolate of 2PAT. The main effect responsible for this rate decrease upon micellisation for the water catalyzed ketonization of the enolate anion is probably the decreased water availability within the micellar aggregates of CTAB by which the enolate is stabilized. Interestingly the same rate constant ( k H 2 O E ) remains essentially unchanged in the presence of SDS (see Figure 2) , again owing to electrostatic repulsion.
A closer insight into the pH profile in the presence of micelles of CTAB (curve b of Figure 1 ) highlights the consistency of kinetic rate constants obtained over a wide range of "pH" in several overlapping buffers. As suggested by Bunton 6 this approach is reminiscent of that used by Hammett in developing his H o acidity scale and warrants to the reliability of our rate constants in CTAB solutions. Moreover, a comparison of the pH profiles obtained in water (curve a of Figure  1 ) and in the presence of micelles of CTAB (curve b of Figure 1) shows that the micellar effect on the uncatalyzed (water) ketonization of the enolate, k There is a shift to lower pHs of the profile obtained in the presence of CTAB and this is due to the above discussed decrease of pK a EH on passing from water (pK a EH = 9.18) to CTAB solutions (apparent pK a EH = 6.79).
Experimental Section Instruments
The kinetic experiments were carried out with a Jasco V-550 UV/Vis spectrophotometer or with a Varian-Cary 1E spectrophotometer. The stopped-flow spectrophotometer was a model VI TriTech Dynamic Instruments. A 93 Radiometer pH-meter was used for the pH measurements. 1 Hand 13 C-NMR spectra were recorded on a Bruker AC 200 E spectrometer. 19a was prepared following a previously described procedure. Acetic acid (2.5 mL) and LiCl (2.76 g, 65.2 mmol) were added at room temperature to a solution of ethyl 2-(2-furyl)-benzoylacetate (6 g, 23.2 mmol) in NMP (Nmethyl-2-pyrrolidone) (7 mL). The reaction mixture was refluxed for 1h and poured after cooling into a biphasic system formed by a saturated aqueous solution of NaHCO 3 (100 mL) and diethyl ether (100 mL). The organic layer was then separated and the aqueous phase was extracted twice with diethyl ether. The combined organic phases, dried over Na 2 SO 4 , were evaporated to dryness. The crude material was purified by flash chromatography eluting with 90/10 (v/v) nhexane/ethyl acetate mixture to give the desired 2-phenacylfuran, 2PF (4.31g, 86% yield). 19b The identity of the product was confirmed by 1 H-and 13 C-NMR spectra.
Materials
Kinetic measurements
Rates of ketonization of the enol of 2PF, both in water and in the presence of surfactant, were measured by stopped-flow spectrophotometry upon quenching a freshly prepared solution of the enolate anion in 0.2 mol dm -3 aqueous NaOH with 0.2 mol dm -3 HCl plus the desired concentration of the buffer. The initial reaction that will occur on neutralization is the protonation of the enolate, resulting in a solution containing enol far in excess of its equilibrium concentration. In the case of the OH -catalyzed reaction, NaOH was only partially neutralized.
The kinetics associated with the return to the equilibrium position were monitored at λ max = 339 nm in aqueous solutions and in aqueous SDS, and at λ max = 357 nm in aqueous CTAB. The enolisation reactions were followed by halogen-trapping as previously described 20 with 2.5.10 -4 mol dm -3 2PF and acetate buffer (r = 1) in the concentration range 0.01
All kinetic measurements were made at 25.0 ± 0.1 °C and at an ionic strength (I) of 0.5 mol dm -3 by the addition of NaCl.
pH Values in buffer solution were calculated at 0.5 mol dm -3 ionic strength using Eq. (3) 21 in which I is the ionic strength, K a is the ionization constant, and r is the ratio of base-to acidconcentrations of the buffer. pH = pK a + log r + (0.512 x √I)/(1 + 1.5 x √I)
Acid ionization constants
The pK a KH values of 2PF, in water and in aqueous surfactants, were determined spectrophotometrically in solutions of increasing concentration of sodium hydroxide. The pK a KH values in the presence of SB3-14 and SDS surfactants were also measured for sake of comparison. pK a KH in water. The concentration of NaOH was varied in the range 0.1-4 mol dm -3 while the concentration of the substrate was kept constant at 5 x 10 -5 mol dm -3 . The absorbance measurements were treated using Eq. (4) 
Binding constants
Thanks to the bathochromic shift of λ max of the enolate due to the association of 2PF with the surfactant (S) (see Figure 2) , it was possible to measure directly the binding constants (K S E ) of the enolate form of 2PF by UV-VIS spectroscopy. In the presence of CTAB the change in absorbance at λ 357 nm was measured as a function of the concentration of the surfactant in 0.2 mol dm -3 NaOH assuming that both the free and the associated enolate contribute to the observed absorbance, A. Equation (5) Analogously the binding constant, K CTAB KH = 690 (± 110), of the keto form with the surfactant was determined in aqueous solution of CTAB at max = 246 nm. Micellar effects upon ketonization reactions under the adopted experimental conditions can be treated 2, 25, 26 quantitatively in terms of an equilibrium distribution of the enolate, E, between water and micelles as distinct reaction regions (Scheme 5) using Eq. (6), derived from Eq. [CTAB] / mol dm -3 Figure 3 . Plot of the experimental first-order rate constants for ketonization of the enolate of 2PF in NaOH (0.01 mol dm -3 ) against the stoicheiometric concentration of CTAB, fitted into Eq.
(6) (solid line).
A similar spectrophotometric determination of the binding constants (K SB3-14 E ) of the enolate form of 2PF with the zwitterionic surfactant SB3-14 gave a K SB3-14 E = 845 (± 82) dm 3 mol -1 while the absorbance of 2PF solution decreases on addition of SDS allowing no determination of the corresponding binding constant. A value of K SB3-14 KH 701 (± 95) dm 3 mol -1 was determined at λ max = 247 nm for the keto form.
